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To assess the effect of a five-week training program using a wobble board on discrimination of discrete
movements at the ankle, 40 ankles were tested from 20 subjects in a group of elite athletes. Players in
a first grade rugby league squad were randomly allocated to either a wobble board training or no-
training group. Pre-tests to assess discrimination of inversion movements made while standing were
carried out on both ankles of all subj~ctsusingan automated device that enabled a normal share of
weightbearing on the tested ankle..From a sequence of 160 inversion movements, a discrimination
index was determined. This measure represents the relative difference in angular extent needed for an
inversIon movement to be differentiated 75 per cent of the time from the standard movement of 12.5
degrees below horizontal. Subjects ·were re-testedaftereither undertaking a five-week wobble .board
training program, or having had no training. Discrimination of movements into inversion ·improved from
the pre-test (Weber fraction 8.8 percent) to the post training test (6.4 per cent) in the wobble board
trained group. This discrimination improvement was significantly greater than the change in the
untrained group (pre-test: 8.4 per cent and post4est: 8.1 per cent). These data demonstrate that wobble
board training can ·improve discrimination of discrete ankle inversion movements, and support the
Weber fraction as a measure ofmovement sensitivity. [WaddingtonG, Adams R and Jones A (1999):
Wobble board (ankle disc) training effects on the discrimination of inversion movements.
Australian Journal of Physiotherapy 45:95..101]
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Introduction
Lateral ligament Injuries to the ankle are both
commonly occurring and able to be managed by
therapy such that most of those injured will be able to
return to active sport within a two-week period.
However, there are held to be longer-term
consequences of these injuri"es that require
management (Garrick and Requa 1988, Lentell et al
1995). Rather than just considering joint stability to
be achieved through a passive process of bone and
ligamentous restraint, Waddington and Shepherd
(1996) have argued that in order to obtain effective
rehabilitation of ankle joint injury there needs tobea
"dynamic interplay of proprioceptive input and
muscle control" (p.85). To achieve this goal,devices
referred to as wobble boards, ankle discs or balance
boards have been given an important role in ankle
rehabilitation (Bernier and Perrin 1998, Freeman et al
1965, Hameretal 1992, Ryan 1994).
The use of 'wobble' or .'balance' board training has
previously been assessed as a method of retraining
after lower limb injuries. Gauffin,Tropp and
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Odenrick (1988) examined the effect of an eight-
week postural training program using a wobble board,
and found improvements in sway scores for both the
trainydand the contralateral, untrained leg when they
were tested post-training. They interpreted these
results as supporting the notion that any bilateral
changes occurring after unilateral ankle training
tended to ·"stress the importance of central motor
programs" (Gauffin et al 1988, p. 143) more than
being able to be seen as a consequence of
improvement in the peripheral component of
proprioception. In a similar study, Bernier and Perrin
(1998) examined the effect of asix..;week balance and
co-ordination training program, utilising both wobble
board and functional hopping exercises. These
authors reported an improvement in postural sway
scores but found no change in active and passive joint
position sensitivity, results which they suggest
support the Gauffin et aI (1988) central motor control
theory. For movements longer than 250 milliseconds,
central motor control relies on a steady stream ofboth
extrinsic and intrinsic feedback (Schmidt 1991). The
more error in the input information, the :greater the
likelihood ofa movement being planned that takes the
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Figure 1. A diagram of Ankle Movement Extent
Discrimination Apparatus (AMEDA).
foot beyond sustainable range with force and speed
values which mean that the movement is not easily
stopped or corrected.
Bernier and Perrin (1998) raise questions, however,
about the adequacy of currently available
methodologies for assessing joint position sense, in
particular noting the need for a method that involves
normally used receptors and posture. Specifically,
they conclude that it makes "... sense to assess
proprioception in a manner that would combine the
use of joint, skin, and muscle mechanoreceptors
rather than selectively assessing each" (p. 273).
Further to this they recommend that joint position
sense be measured at "... clinically relevant velocities
in weight bearing" (Bernier and Perrin 1998, p. 274).
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Consistent with this argument, we have developed a
method of evaluating performance at the ankle that
more closely models the original mechanism of injury
than previous methods (Waddington and Adams
1999). Subjects are tested in an upright, non-
restrained, full weight-bearing stance, producing
discrete, active movements that result in a functional
interaction with the environment The conceptual
approach adopted here .is to consider kinaesthesia, or
the feeling for a movement, as a psychophysical
dimension, in the manner proposed by Woodworth
(1899) and Wood (1969). We used for the lower limb
the same psychophysical method that Choiet al
(1995), Magill and Parkes (1983) and Meeuwsenet al
(1992) employed when looking at the accuracy ofarm
positioning movements.
Although Gauffin et al (1988) employed ankle disc
training for subjects with functional instability, a
motor program view of postural control would
suggest that even subjects who do not report recurrent
sprains or feelings of giving way could improve the
quality of their control with training. Tropp (1986)
predicts injury for soccer players with no previous
history of ankle injury, but with "... pathologic
stabilometricvalues" (p. 243). Goldie, Evans and
Bach (1994) also recognize the possibility of some
subjects having "... pre-existing global deficits in
postural control" (p. 970). Both these statements
could be seen as relating to subjects who have not had
sufficient structured movement experiences for them
to develop better central mechanisms for ankle
control, and whose poor control was of biological
origin. Training with a wobble board may enable
subjects to become more accurate in their foot
positioning.
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The present study examined discrimination ability for
inversion movements around the ankles of both feet,
both before and after wobble board training.
Methods
The psychophysical method of constant stimuli
(Laming 1986,Snodgrass etal 1985, Maher and
Adams 1995) was used to estimate the discrimination
threshold for inversion movements at the ankle. All
movements employed were constrained movements
(Adams and Andrews 1984), ie movements made
until·· they are stopped by a fixed object. The subject
makes 'pairs of such movements, then tells the
experimenter which of the two movements was the
greater in extent. Forty ankles were tested from the 20
subjects who took part in the study, all of whom
reported that they were right foot dominant. Subjects
were all footballers playing in a first grademgby
league team competing in the Australian Rugby
League Premiership Competition. The subject
characteristics were: for the trained group,height
181.9 (5.4, SD) em and weight 95.1 (9.4, SD) kg, and
for the untrained group, height 179.8 (4.3,8D) em
and weight 91.1 (4.3,SD) kg. Within the six weeks
prior to entering the study no subject had any history
of musculoskeletal injury to the lower limb or back,
any ankle pain, or any previous history of visual or
vestibular disturbance affecting balance. Approval to
undertake this project was obtained from the Human
Ethics Committee of The University of Sydney prior
to commencement and each subject signed a consent
form indicating their willingness to participate.
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Table 1. Platform ranges of motian afthe Ankle Mavement
Extent Discrimination Apparatus (AMEDA).
An automated version of the Ankle Movement Extent
Discrimination Apparatus (AMEDA) (Waddington
and Adams 1999) was used in this study (Figure 1).
The difference between the two forms of this
apparatus is that instead of the constraint stopping a
movement being a manually placed wooden block, in
the automated version it is the end of a steel shaft
driven by a computer controlled stepper motor.
Subjects stood with one foot on a fixed platform and
the other on a square plate with the pivot axis always
through .thecentre of the foot. This allowed plate
movement from the horizontal into the inversion
direction at the ankle but a metal block prevented
movement from horizontal into eversion. The end
stops to platform movement were provided by a
movable vertical shaft driven by a 'Programmable
Stepper Motor' (RS Components Pty Ltd, Silverwater
New South Wales).. Under computer-determined
positioning of the stepper motor, the shaft could be set
to allow nine different ranges of motion for the plate
down from horizontal. The rotation of the lubricated
threaded shaft within the stepper motor drive unit is
almost inaudible even when kneeling beside it, and
does not cause any noticeable vibration. Subjects
faced in one direction for inversion movements ofone
ankle and reversed the direction for testing of the
contralateral ankle. The device was calibrated by
measuring, with vernier calipers, the total range of
motion of the platform from horizontal down to a
given stop, then calculating the corresponding
angular range using trigonometry. Platform ranges of
motion are described in Table 1. The manufacturer
Stop Number
1
2
3
4
Standard
6
7
8
9
Inversion
Degrees from horizontal
14.52
13.47
13.27
12.88
12.55
12.08
11.84
11.54
10.49
Figure 2. Two subjects undergoing wobble board training.
specified reproduction accuracy for the stop positions
as to within ± O.Olmm.
Two extreme stops were included, (Stop Numbers 1
and 9 in Table 1) so that subjects with particularly
poor ankle movement discrimination ability would be
mostly accurate on some movement comparisons,
thereby permitting a good estimate of their
discriminability to be obtained. Presentation of the
eight movement ranges to be discriminated was
according to the method of constant stimuli whereby
a variable and a standard stimulus constitute a trial
(Kling and Riggs 1971). Each of the stopped ankle
movements were presented in pairs, with the time
between movements being constrained by the time
taken for the stepper motor to move to the next
appropriate stop for the second movement. Subjects
were then asked whether the second movement of
each pair was .closer to, or further from, the horizontal
than the first movement, and their response recorded.
A set of inversion movement stops,which were
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difficult for most subjects to discriminate but still
allowed better than chance responding,had
previously been determined (Waddington and Adams
1999). The eight movement stops presented to the
subjects ranged from 10.49 degrees to 14.52 degrees
from the horizontal, ie 84 percent to 116 percent of
the 12.5 degree standard.
The wobble board training program undertaken by the
subjects required 10 minutes of supervised training
utilising a commercially available wobble board,
(BDF Australia). Three sessions weekly were
attended, for five weeks. This five~weekperiod
represented the time available when players had
returned from their lay-off after the previous season,
but had not yet begun intensive skill work. Training
commenced in two legged-stance. By the third week
of training all subjects were able to maintain the
surface of the board at the horizontal for a period of
two minutes and the group was progressed to single
leg stance training (Figure 2). The non-trained group
continued their normal pre-season training protocol,
which did not include a balance or wobble-board
training component
Data collection Before testing began with a given,
randomly-determined foot, the shaft was fully
retracted and subjects were asked to move the plate
until they felt that they could move their foot no
further without it slipping off, in order to obtain an
angle that was their end of comfortable range.
Because no value recorded was less than 20 degrees
from horizontal into in·version, testing in the range
between 10.49 and 14.52 degrees proceeded. Subjects
were asked to stand in a relaxed posture on the
platform of the AMEDA, approximately SOcm above
the floor, with the foot of the limb being tested
centred over the axis of rnovementof the movable
base plate (Figure 3). Each subject was given a brief
series of trial movements on the AMEDA to
familiarise themselves with its feel prior to data
collection" After this, the eight pairs of stimulus plus
standard were presented 10 times in random order to
each subject, with no feedback on results being given
as to the outcome ofeach movement comparison. The
voluntary movement to the standard stop was
presented first on half of the trials. Only one
completed attempt at each movement was allowed,
and subjects were asked tamove down and back up to
the horizontal stop at a steady pace. After each.pair of
voluntary movements the subject was asked if the
second movement was "closer to"or "further than"
the horizontal (resting position) than the first
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Figure 3. A subject undergoing testing on the Ankle
Movement Extent Discrimination Apparatus (AMEDA).
movement. Each subject undertook 80 comparisons
of pairs of stopped inversion movements for each
ankle. The experimenter used a laptop computer to set
the vertical stops for each movement and recorded the
subject's response after each movement pair.
Data analysis Raw scores for "closer to" or "further
than" were collated on score sheets for each subject
Data was analysed using Probit Analysis (Finney
1971),an SPSS-Windows sub-routine which
calculates the parameters of the best-fitting
cumulative normal curve. Performance on the
discrimination task can be characterised by (Maher
and Adams 1995) i) the point of subjective equality
(PSE), which is the point judged both greater than and
less than the standard on 50 per cent of occasions; ii)
the stimulus point thatis justnoticeably greater (JNG)
than the standard, ie judged to be greater than the
Australian Journal of Physiotherapy 1999 Vol. 45
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Table 2. Mean and standard error of the Weber fraction for each group.
Right untrained Left untrained Right trained Left trained
Pre-training test x 7.85 0/0 8.93 0/0 9.32 0/0 8.32%
SD (0.89) (0.99) (1.10) (0.91 )
. Post-training test x 8.070/0 8.070/0 6.25 % 6.64°t'o
SO (0.89) (0.64) (0.48) (0.47)
standard on 75 percent of the trials; and iii) the Just
noticeably less (JNL) point, judged to be less· than the
standard on 75 per cent of trials. Halving the interval
between the JNG and JNL gives the just noticeable
difference (JND), which describes an interval of
uncertainty about the standard that cannot reliably be
discriminated. The width of the JND, expressed as a
percentage of the standard movement extent in
degrees, is known as the Weber fraction.
A 2x2x2ANOVA was .conducted on the Weber
fraction data, with the first factor being the between~
groups factor (experimental vs control) and the others
being the repeated measures factors, side (right or
left) and measurement occasion (pre and post).
Results
Group means are described in Table 2. None of the
main effects associated with group, side or occasion
were statistically significant, howev~r one
interaction, that between group and occasion was
significant, F(118) = 13.01,p < 9.01 . This result
indicated that thepre-to-post test improvement in
discrimination (mean of left and right, from 8.8 to 6.4
per .cent) observed with the wobble board trained
group, was significantly greater than the pre-to-post
test discrimination change (mean of left and right,
from 8.4 t08.1 per cent) observed in the control group
(Figure 4).
Discussion
The five weeks of wobble board training undertaken
by the first-grade rugby league players who
participated in the present study resulted in
improvements in movement discrimination for both
ankles. A previous study by the authors (Waddington
and Adams 1999) gives an idea of the discrimination
Australian Journal of Physiotherapy 1999 Vol. 45
level of never-injured ankles. The improvement with
training seen in the current study moves toward these
values, therefore we infer clinical relevance from this.
This result·illustrates that movement sensitivity in the
lower limb can be quantified in a weight-bearing
stance by using a measurement set-up that closely
replicates functional movement .conditions.As such,
the apparatus and ·methodology satisfy the
requirement outlined by Bernier and Perrin (1998) for
measuring joint position sense at clinically relevant
"self selected" (p. 274) velocities. Bernier and Perrin
(1998) put forward two possibilities to explain why
their wobble board training group did not show any
significant improvement in joint position. The first of
these, that the amount of training was insufficient, at
10 minutes a day three times a week for six weeks, is
directly contradicted by the finding from the present
study of a significant training effect after one week
less of training at exactly the same duration and
frequ~ncy.
The second possibility Bernier and Perrin raise isthat
they had a lack of correspondence between their
training task on the wobble board and their
assessment task for joint position sense with the
KinCom II ankle footplate. This account seems more
likely, and supports the development here of an
automated apparatus on which discrete ankle
movements can be assessed.in weightbearing.
In addition to the AMEDA apparatus, the present
study also employed a methodology for ankle
movement discrimination assessment, which had
previously been applied only to upper limb
movements (Choi et al1995, Magill and Parkes 1983,
Meeuwsen etal ·1992). By ,employing the same
psychophysical metrics, the JND and Weber fraction
(ie JND expressed as a percentage of the standard
movement), ability to discriminate movements at
different joints can be considered. As might be
99
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The results obtained here support the continued
clinical use of the wobble board. A number of
questions now arise regarding clinical application,
including: Is the wobble board effect a kind of fine
tuning which recedes if training stops? How often,
and how much, training is necessary to maintain good
discrimination .of ankle movements? Do highly
selected groups (eg dancers and gymnasts) have
ankle movement discrimination measures that are
superior to those of non-elites?
Because the Weber fraction metric is universal to aU
movements, this active,movement-based concept
could be applied to other joints, if the appropriate
apparatus like the AMEDAcan be developed.
Figure 4. The effect of training on movement
discrimination. The Weber fraction is expressed as a
percentage with standard error represented as error bars.
The possibility of greater rigidity linking muscle
tension and balance scores implies that the bilateral
improvement in postural sway reported after
unilateral training could be interpreted as a
consequence of learning to relax, rather than as a
rewriting of central motor programs (Gauffinetal
1988). However, because the current data arose from
a methodology that did not require continuous
adjustments to maintain balance, they provide
stronger support for Gauffinet al'8 central program
hypothesis, and suggest that the skill improvement
seen during wobble board training is not mediated by
relaxation4
determined by employing a pre- and post-testing
system that does not challenge balance, and relies on
discrete rather than continuous movements.
Gauffin et al (1988) hypothesised that bilateral
changes occurring after unilateral ankle training
tended to ". ..stress the importance of central motor
programs" (p. 143). Because the training movements
in the present study were made in a continuous task,
yet the training effect was seen in a discrete
movement task, a central or general motor program
account of the effect is supported. Support for the
central motor hypothesis comes because there are
confounding factors which influence continuous task
performance which do not influence discrete task
performance. In this case a confounding factor is
anxiety, as balancing on the wobble board isa
continuous challenge to balance.
The influence of anxiety on continuous task
performance permits another interpretation of the
Gauffin et al (1988) and Bernier and Perrin (1998)
data. French (1978) found that teaching subjects
muscle relaxation through biofeedback improved
their stability scores, ill comparison with a control
group who did not have relaxation training. One
implication of this is that balance perfonnance can be
improved through a reduction in ~excessmuscle
tension. A mechanism through which increased
muscle tension could translate into poor stability has
been provided by the work of Fitzpatrick et al (1994).
These researchers found that strapping the upper body
to a rigid frame significantly increased sway at the
ankles. If a generally heightened level of muscle
tension acted like a splint and created a more rigid
posture, postural sway would be worse. By this
argument, a period of balance board training might
simply promote the learning of relaxation as a skill.
When this skill is implemented in the post-training
balance test, it is sufficient to give improvement ov.er
pre-training scores, in both trained and untrained legs
even though what might have been learned does not
relate directly to motor controL The issue of whether
wobble board training facilitates improved ·central
motor programs or greater relaxation can be
expected, given the fine control ·possible with the
preferred hand, the values of the Weber fraction
reported by the above authors were still lower (ie
more sensitive) than for ankle inversion movements,
even after wobble board training. A limitation of the
current study is that although the subjects can be
differentiated on the basis of their movement
discrimination scores into "better"or ."worse" at
detecting changes in active movement extent, the
location of any error in the motor system cannot be
specified.
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Contingent on the development of suitable testing
apparatus for the knee, hip and shoulder, the same
possibilities exist for use in identification of athletes
with poor movement discrimination, injury
rehabilitation and for movement sensitivity training.
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